Abstract N-Sulfonyl aldimines are powerful synthetic intermediates in organic synthesis and industrial application. They are prepared expeditiously under solvent-free conditions (SFC) by reaction between different aromatic aldehydes and sulfonamides in the presence of AlCl 3 in good to excellent yields.
Introduction
N-Sulfonyl aldimines have proven to be useful intermediates in organic synthesis.
1 They have been increasing in importance because they are one of the few types of electron deficient imines that are stable enough to be isolated but reactive enough to undergo addition reaction. 2 They find elegant application in inverse electron demand Diels-Alder chemistry [3] [4] [5] [6] [7] [8] , and ene 9, 10 , addition 11 , and radical reactions. 12 They are also valuable precursors for preparation of optically active 2-imidazolines 13 , aziridines 14, 15 and N-sulfonyloxaziridines which have utility as chiral oxidants. 16 Several methods for the preparation of N-sulfonylimines have appeared in the literature. Lichtenburger and Kretar first prepared such compounds by a Lewis acid catalyzed direct condensation 17 , Jennings and Lovely used titanium tetrachloride and triethylamine for the synthesis of N-tosylimines 18 , rearrangements of sulfinate esters of oximes have also served as a convenient approach, Kresze pioneered an imine-transfer reaction with aromatic aldehydes utilizing sulfinylsulfonamides. 19, 20 N,N'-Bis(ary1-sulfonylthio)-and selenodiimides 21 have also been effective but suffer from lack of chemoselectivity since they undergo Diels-Alder and ene reactions. Diaryl-and dialkyltellurium analogues appear more useful but less convenient. 22, 23 Some of the reported methods suffer from drawbacks like long reaction times, unsatisfactory yields, expensive reagents, two steps, and cumbersome experimental procedures. Therefore it seems highly desirable to find a simple, efficient, one step, and inexpensive protocol for
Results and Discussion
In theory, the ideal procedure for obtaining N-sulfonylimines would involve the condensation of carbonyl compounds with sulfonamides. However, the low nucleophilicity of the latter generally requires harsh acidic conditions to activate the carbonyl group, conditions that are usually incompatible with the resulting unstable sulfonylimines. 25 In a program intended toward developing a cost-effective and direct method to this group of compounds in our laboratory, we exploit a method for preparation of new sulfonylimines 3a-3m. The reaction of the benzaldehyde with p-toluenesulfonamide was chosen as a model and its behavior was studied under a variety of conditions via TLC and NMR spectroscopy (Table 1) . We found that the reaction of benzaldehyde and p-toluenesulfonamide did not proceed at room temperature without any catalyst/reagent even after 24 hrs (Table 1 , entry 1). Condensation of benzaldehyde with the p-toluenesulfonamide in appropriate solvent was carried out under reflux conditions (Table 1, entry 2) . 26 The final product was obtained in 2 hrs of heating with low yields (15%). Next, we screened AlCl 3 under similar conditions. We found the yields were further improved to 30% (Table 1, entry 3) .
In an attempt to introduce a green synthetic procedure and increase its rate and yield experiments were done under solvent-free conditions. The Lewis acids SnCl 2 , CdCl 2 , CuCl 2 , and ZnCl 2 demonstrated a moderate ability for such reaction at 90 °C (Table 1, During the course of our studies aimed at developing solvent-free procedures, [28] [29] [30] [31] [32] we have now discovered that AlCl 3 alone is a very efficient reagent for preparation of N-sulfonylimines at room temperature in high yield, without any of the environmental disadvantages of using toxic solvents (Scheme 1). To the best of our knowledge there is no previous report for preparation of N-sulfonylimines by AlCl 3 . In a typical experiment, AlCl 3 (0.5 mmol), benzaldehyde (1 mmol) and p-toluenesulfonamide (1 mmol) were mixed thoroughly. The mixture was ground using a mortar and pestle until the reaction was completed (15 minutes). The solid mixture was removed through a Celite pad and washed with ethyl acetate (20 mL). The solvent was evaporated with a rotary evaporator and the solid product was dissolved in warm ethylacetate (10 mL), treated with n-hexane (35-50 mL), and allowed to stand at r.t. for 5-6 h. During this time crystals formed which were collected by filtration, washed with n-hexane, and dried. The generality and the scope of the reaction can be deduced from the results summarized in Table 2 . We were pleased to find that a diverse range of aromatic aldehydes in the presence of AlCl 3 were mixed with sulfonamides at room temperature, the corresponding N-sulfonylimines were obtained in a high state of purity and in good yield.
According to Table 2 , aromatic aldehydes containing both electron withdrawing and donating substituents (entries 2-8) afforded the corresponding N-sulfonyl aldimines in high yields. The Nsulfonylimines (3a-m) have C=N bond stretching frequencies in the range of 1587-1606 cm -1 .
These compounds have a characteristic imino resonance in their 1 H NMR spectra at ca. δ 9-9.5.
Mention must be made here that the conversion rate of p-toluenesulfonamide with aromatic aldehydes was a little higher than benzensulfonamide. This chemistry was applied unsuccessfully toward the synthesis of enolizable N-sulfonyl aldimines and unfortunately this method shares a common limitation with several other methods of N-tosylaldimine synthesis 18, 33, 34, 36, 37 in that it does not appear to be applicable to the synthesis of N-sulfonyl aldimines derived from aldol condensations being obtained instead. We have also studied the reaction of sulfonamide with ketones. In these reactions, the overall yields are not as high as those obtained from the aldehydes as a result of the lower efficiency of the condensation, which in the case of the benzophenone treated with p-toluenesulfonamide was only 50% after 5h, and acetophenone appears to be formed in admixture with other unidentified products. Methods of overcoming this limitation are currently under investigation. The present one-step and high yielding protocol for preparation of N-sulfonyl aldimines provides a better alternative to the existing methods due to its shorter reaction time, simple reaction procedure and the formation of cleaner products that can be used for synthetic applications without further purification.
Experimental Section
General Procedures. NMR spectra were recorded on a Bruker Avance DPX-250 ( 1 H NMR 250
MHz and 13 C NMR 62.9 MHz) spectrometer in pure deuterated solvents with tetramethylsilane as an internal standard. Infrared spectra were obtained using a Shimadzu FT-IR 8300 spectrophotometer. Mass spectra were determined on a Shimadzu GCMS-QP 1000 EX instrument at 70 or 20 eV. Melting points were determined in open capillary tubes in a Buchi-535 circulating oil melting point apparatus. Elemental analyses were obtained using a Thermofinnigan Flash-Ea 1112 series apparatus. The purity determination of the substrates and reaction monitoring were accomplished by TLC on silica gel PolyGram SILG/UV 254 plates. Column chromatography was carried out on short columns of silica gel 60 (70-230 mesh) in glass columns (2-3 cm diameter) using 15-30 gram of silica gel per one gram of crude mixture. Chemical materials were either prepared in our laboratories or were purchased from Fluka, Aldrich and Merck Companies.
Preparative procedures. After a mortar was charged with anhydrous or hydrous AlCl 3 (0.5 mmol), sulfonamide (1 mmol) and aldehyde (1 mmol), the mixture was ground with a pestle at room temperature (reactions that were not complete 3 h at room temperature were repeated in a round bottom flask and heated in an oil bath at 85°C) for certain period of time (Table 2 ). The solid mixture was removed through a Celite pad and washed with ethyl acetate (20 mL). The solvent was evaporated with a rotary evaporator and the solid product was dissolved in warm ethyl acetate (10 mL), treated with n-hexane (35-50 mL), and allowed to stand at r.t. for 5-6 h. During this time crystals formed which were collected by filtration, washed with n-hexane, and dried. In the case of benzophenone the pure product was obtained by chromatography on silica gel (ethyl acetate/n-hexane as eluent). 
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